These TGF-β + Mos had tolerogenic properties that could promote generation of inducible regulatory T cells. Adoptive transfer with TSP1-primed Mos, or feeding C. butyricum could prevent experimental colitis in mice. In summary, C. butyricum induces intestinal epithelial cells to produce TSP1 and induces TGF-β + Mos, which further suppress experimental colitis in mice. The results implicate that the administration of C. butyricum or butyrate may have the potential to ameliorate chronic intestinal inflammation through inducing immunosuppressive Mos.
Introduction
Inflammatory bowel disease (IBD), including Crohn's disease and ulcerative colitis, is characterized by chronic inflammation in the intestinal tract. The pathogenesis is unclear. It is thought to be driven by the immune system that overreacts to microbial and environmental factors in genetically predisposed individuals [1] . Many immune cells and inflammatory mediators, such as T cells, macro-phages and cytokines, have been implicated as playing roles in the development of IBD. T helper (Th)1 polarization is generally considered to play a major role in the pathogenesis of Crohn's disease, while Th2 polarization seems to be involved in the development of ulcerative colitis. Moreover, Th17 polarization has also been found involved in mucosal inflammation in IBD [2] . Published data have demonstrated that regulatory T (T reg ) cells play an essential role in suppressing skewed immune responses [3] . It is known that transforming growth factor (TGF)-β is one of the most important mediators for the suppressive functions of T reg cells. However, CD4 + CD25 low Foxp3 + T cells which lose the Foxp3 expression are prone to differentiate into Th17 cells in some immune diseases such as arthritis [4] and IBD. However, the mechanisms involved in the regulation of T reg cell differentiation and function are not fully understood.
It is suggested that monocytes (Mos) may play a selective role in initiating the differentiation of immunosuppressive cells [5] . The intestine contains the largest pool of Mos in the body. Mos consist of 2-10% of all leukocytes in the human body. After activation, Mos migrate from the bloodstream to other tissues to differentiate into tissue-resident macrophages or dendritic cells. It is reported that a subfraction of Mos plays a key role in the immuneregulatory activities, such as the myeloid-derived suppressor cells which function as immunosuppressive cells and block both innate and adaptive antitumor immunity [6] . It is also suggested that expansion of myeloid-derived suppressor cells suppresses IBD-like inflammation in animal models [7] , which sheds a new light on the treatment of IBD. However, how to generate the Mos with immunosuppressive functions is unclear.
Thrombospondins (TSPs) are originally reported as a component of platelet α-granules [8] . TSP1, the first natural protein angiogenesis inhibitor identified by Good et al. [9] , is best studied in this family. Besides platelets, it is also expressed by endothelial cells, adipocytes, fibroblasts, smooth muscle cells, Mos and transformed cells, such as malignant glioma cells, dendritic cells and B cells [10] . It interacts with CD36, a fatty acid translocase receptor on the endothelial cell membrane, and various types of cells [11] . As mentioned above, CD36 also presents in Mos to act as scavenger receptor. However, whether the TSP1-mediated signal is involved not only in antiangiogenesis, but also in Mo immune responses is largely unclear yet.
Clostridium butyricum, a strictly anaerobic bacillus, produces butyric acid. It has been safely used as a therapeutic supplement for severely ill, immunocompromised and hospitalized subjects from infants to elderly people, including pregnant women [12] . The amelioration of intestinal inflammation by probiotics has been recognized [13] , but the underlying mechanism remains to be further investigated. Our previous study has revealed that TSP1 can convert the latent TGF-β to the active TGF-β, suggesting that TSP1 plays an important role in the generation of immune tolerance via inducing T reg cells [10] . Therefore, we hypothesize that TSP1 facilitates Mos to produce TGF-β and then drives naïve CD4 + T cells to differentiate into T reg cells in the gut mucosa to suppress the mucosal inflammation. In the present study, we observed that C. butyricum induced intestinal epithelial cells (IECs) to produce TSP1. This IEC-derived TSP1 facilitated naïve Mos to differentiate into Mos producing high levels of TGF-β and further significantly inhibited experimental colitis in mice, which implicates that the Mos with immunosuppressive functions have therapeutic potential in the treatment of IBD.
Materials and Methods

Reagents
Fluorescence-labeled antibodies of TGF-β, CD36, CD80, CD64, F4/80, tumor necrosis factor (TNF)-α, NK1.1, CD3, CD14, CD19, CD20 and interferon (IFN)-γ were purchased from BD Bioscience (BD Bioscience, San Diego, Calif., USA). The small hairpin RNA (shRNA) kits of CD36, histone deacetylase (HDAC) 1 and HDAC2, antibodies of CD36, HDAC1, HDAC2 and TSP1 were purchased from Santa Cruz Biotech (Dallas, Tex., USA). TSP1, antagonist peptide LSKL and SLLK (Ser-Leu-Leu-Lys) were synthesized by TradeTT (Beijing, China). Reagents for quantitative realtime polymerase chain reaction (qRT-PCR) and Western blotting were purchased from Invitrogen (Carlsbad, Calif., USA). Magnetic bead-conjugated streptavidin was purchased from Miltenyi Biotech (Germany).
Mice
Male C57BL/6 mice (8-12 weeks old) were purchased from the Guangdong Experimental Animal Center (Guangdong, China). Reg2 -/-mice were purchased from the Xinmao Experimental Animal Institute (Shanghai, China). B cell-deficient mice were generated by intraperitoneal injection with anti-CD20 monoclonal antibody at 0.25 mg/mouse (1 week later, no B cells were found in the intestine, the spleen and the peripheral blood as assessed by flow cytometry; data not shown). Mice were kept in a pathogen-free environment at Shenzhen University (Shenzhen, China) during the experimental period. The experimental procedures were approved by the Experimental Animal Ethic Committee at Shenzhen University.
IEC Culture
The mouse intestinal epithelial cell line IEC-4.1 was cultured in Dulbecco's modification of Eagle's medium supplemented with 10% fetal bovine serum, 2 m M L -glutamine, 100 U/ml penicillin and 100 mg/ml streptomycin. The medium was changed every 1-2 days. A Transwell system was employed for a coculture experiment 603 of IECs and Mos: IECs were seeded in the inserts while Mos were placed in the basal chambers. The cell viability was assessed by the trypan blue exclusion assay.
Quantitative Real-Time PCR Total RNA was extracted from IECs using the Trizol reagents following a protocol obtained from the manufacturer. The quantity and quality were assessed using a NanoVue spectrophotometer, with a 260/280 ratio of >1.8 and 28S/18S ratio of >1.4 for the majority of the samples. cDNA was synthesized from 2 μg of total RNA using a reverse conversion kit. PCR amplification was performed on a MiniOpticon TM Real-Time PCR Detection System using a SYBR ® Green PCR kit. The differences in target gene expression were expressed relatively to the β-actin gene using the 2 -ΔΔC T method (ΔΔC T = average of ΔC T control -ΔC T treated). The primers used in this study include: TSP1, forward, caactcccagctgtgcaatt; reverse, gccgaggtgaacacaaaact; TGF-β, forward, ggtgagaagctgaagaccct; reverse, tgtctaggtcctggagtcca, IFN-γ, forward, ttcttcagcaacagcaaggc; reverse, actccttttccgcttcctga; TNF-α, forward, gacccctttactctgacccc; reverse, aggctccagtgaattcg gaa.
Western Blotting
Total protein was extracted from the cells, fractioned in sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred onto a nitrocellulose membrane. After blocking with 5% skimmed milk for 30 min, the membrane was incubated with the primary antibodies (0.3-0.5 μg/ml) at room temperature for 1 h and followed by the second antibody conjugated with horseradish peroxidase (0.05-0.1 μg/ml) at room temperature for 1 h. Washing with Tris-buffered saline with Tween-20 was performed after each antibody incubation. The immune complex on the membrane was developed with enhanced chemiluminescence. The results were photographed using the Kodak Imaging Station 4,000 mm Pro (Shanghai, China). The integrated density of the immune blots was assessed with software of Photoshop (CS5).
Immunohistochemistry
Mouse colon segments were frozen in liquid nitrogen. Cryosections were prepared, fixed with cold acetone and blocked with 1% bovine serum albumin. The sections were incubated with the first antibodies (1 μg/ml) for 1 h at room temperature, followed by incubating with the secondary antibodies (1 h), and then incubated with the fluorescein-labeled antibodies against the hosts of the secondary antibodies (1 h). After washing with PBS, the sections were finally stained with propidium iodide (5 μg/ml) for 10 min to stain the nucleus, mounted with cover slips, and observed with a confocal microscope (Zeiss LSM510, Germany). The observers were not aware of the code to avoid observer bias.
Isolation of Immune Cells from the Intestinal Segments
Lamina propria mononuclear cells (LPMCs) were isolated as previously reported [14] . Briefly, colons and small intestines were opened longitudinally and rinsed in PBS. Intestines were incubated while mildly shaken in Hanks' balanced salt solution containing 5 m M EDTA and 5% fetal bovine serum for 30 min at 37 ° C. After removal of epithelial layers, the intestines were cut into 2 × 2 × 2 mm pieces and incubated with RPMI 1640 containing 5% fetal bovine serum, 1 mg/ml of collagenase IV (Roche, Mannheim, Germany) for 30 min at 37 ° C while mildly shaken. The digested tissues were washed with Hanks's balanced salt solution containing 5 m M EDTA. Cell suspensions were filtered through a 70-μm cell strainer. The cells were collected and further purified via density gradient centrifugation with 40 and 70% Percoll-RPMI solution [15] . The cells were resuspended and were applied to gradient centrifugation at 1,000 g for 40 min. The viability was greater than 98% as determined by the trypan blue exclusion assay. The individual immune cell type was further isolated by magnetic cell sorting (MACS) with commercial reagent kits following the manufacturer's instructions.
Flow Cytometry
Cells were fixed with 2% paraformaldehyde (in the case of the intracellular staining, 0.1% Triton X-100 was added to the fixative to enhance the permeation of the cell membrane) for 30 min, washed with PBS 3 times and incubated with the fluorescence-labeled antibodies (0.5-1 μg/ml) for 30 min at room temperature. For isotype control staining, the matched antibody isotype (or fluorescence minus one) [16] was used at the same concentration as the antibody. After washing with PBS, the cells were analyzed by flow cytometry (FACSCanto II, BD, USA). 100,000 cells were counted for each sample. The data were analyzed with the software Flowjo (Tree star, Ashland, Oreg., USA). The gates were set using the isotype staining results as a guide.
Preparation of Conditioned Mos
CD14 + CD16 -MHC II -Mos were isolated from the bone marrow by MACS and cultured with IECs at a ratio of 1: 1 in the Transwell system in the presence of recombinant butyrate (2.5 m M ) for 72 h (the two cell types were separately cultured). The conditioned Mos were collected from the basal chambers and used for further experiments. On the other hand, Mos were also isolated by MACS from the LPMCs of both naïve mice and the mice treated with C. butyricum .
Induction of Colitis in Mice
C57BL/6 mice drank water containing dextran sulfate sodium (DSS; 5%; w/v) for 8 days; control mice drank water instead. The mice were monitored daily for weight, morbidity and stool consistency, and sacrificed on day 12. The length of the colon was measured. A piece of colon was excised to test the myeloperoxidase (MPO) activity. Another piece of colon was processed for hematoxylin and eosin staining, and histological scores were determined.
Treatment of Colitic Mice with Mos
On day 0, DSS-induced colitis mice were injected with TSP1-conditioned Mos or naïve Mos (1 × 10 6 cells/mouse) via the tail vein, gavage feeding with 0.3 ml C. butyricum (10 9 cells/ml) or injected (intraperitoneally) with sodium butyrate (1.2 mg/kg body weight). The treatment was repeated on day 3.
Administration of TSP1 Inhibitors
Peptides LSKL and SLLK were dissolved in saline (1.0 mg/ml), and injected intraperitoneally at 30 mg/kg body weight.
Histological Scoring of Colitis
After sacrifice, the transverse colons were removed from the mice, fixed with 4% paraformaldehyde and embedded in paraffin. The tissue sections were stained with hematoxylin-eosin or peri- 604 odic acid-Schiff stain. The inflammation in intestinal sections was scored following the published criteria [15] . Histological inflammatory scores were recorded as follows: (a) the severity of inflammation: 0, none; 1, mild lymphoid infiltration; 2, marked lymphoid infiltration or focal degeneration of crypts; 3, severe inflammation or multifocal crypt degeneration and/or erosions; (b) the extent of inflammation: 0, none; 1, mucosal; 2, submucosal; 3, transmural; (c) the amount of mucus: 0, normal; 1, slight decrease in mucus; 2, moderate decrease or focal absence of mucus; 3, severe depletion of mucus; 4, total absence of mucus; (d) the degree of cell proliferation: 0, none; 1, mild increase in cell numbers and crypt length; 2, moderate increase or focally marked increase; 3, marked increase in the entire section. The inflammatory scores were calculated according to the sum of the four individual parameters.
RNA Interference CD36, HDAC1 and HDAC2 were knocked down in the cells by RNA interference (RNAi) with shRNA reagent kits according to the manufacturer's instruction. The effect of RNAi was determined by Western blotting.
T-Cell Proliferation Assay
CD3 + CD4 + CD25 -T cells (T eff cells) were isolated from the mouse spleen and labeled with carboxyfluorescein diacetate succinimidyl ester (CFSE). The T eff cells were cultured in a plate coated with anti-CD3 antibody (5 μg/ml), and anti-CD28 antibody (2 μg/ml) was added to the culture. Three days later, the cells were analyzed by flow cytometry.
Measurement of MPO Activity
The MPO activity assay was performed with the colon tissues according to the manufacturer's instructions of the MPO assay kit (Biomart, Shenzhen, China). Colon segments were homogenized at 50 mg/ml in phosphate buffer (50 mmol/l, pH 6.0) with 0.5% hexadecyltrimethylammonium bromide. The homogenates were frozen-thawed 3 times, centrifuged at 40,000 g , and then 0.1-ml aliquots were mixed with 2.9 ml phosphate buffer (pH = 6.0) containing 0.167 mg/ml o -dianisidine and 5 × 10 -4 H 2 O 2 and incubated at 25 ° C for 20 min. The optical density was measured at 460 nm. The MPO activity was expressed in units per gram of tissue (1 unit corresponded to the activity required to degrade 1 m M of hydrogen peroxide per minute at 25 ° C).
Statistical Analysis
Data are expressed as means ± SD. Differences between 2 groups were determined by Student's t test. In the case of more than 2 groups, 1-way ANOVA was employed. When the results of ANOVA were significant, the Tukey-Kramer honestly significant difference test was applied for multiple comparisons. p < 0.05 was set as a criterion of significance.
Results
IECs Produce TSP1
Our previous study revealed that B cell-derived TSP1 played a role in the suppression of intestinal inflammation [10] . Whether TSP1 also comes from the intestinal components is unclear. To this end, we assessed the expression of TSP1 in IECs. The results showed that TSP1 was detectable in naïve IECs, which was markedly increased when IECs were activated by phorbol myristate acetate in the culture ( fig. 1 a, c) . The expression of TSP1 was also detected in the naïve mouse colon epithelia, which was upregulated by feeding mice with C. butyricum daily for 5 days ( fig. 1 b, d-g ). Since one of the molecules produced by C. butyricum is butyrate, we then injected mice with sodium butyrate, or added sodium butyrate to IEC cultures. Interestingly, C. butyricum was found to promote the expression of TSP1 in the colon epithelia and IECs ( fig. 1 b, d) . Since a fraction of B cells also express TSP1 [10] , we isolated LPMCs from the colon of mice treated with saline or C. butyricum and analyzed them by flow cytometry. The results showed that a small fraction of TSP1 + dendritic cells and TSP1 + B cells was detected in the LPMCs, which was not upregulated by the administration with C. butyricum ( fig. 1 h-m) . The results indicate that mouse epithelial cells express TSP1, which can be upregulated by phorbol myristate acetate and C. butyricum -derived butyrate.
HDAC1 Restricts the Expression of TSP1 in IEC
Since butyrate is an inhibitor of HDAC1 and HDAC2, the data from figure 1 indicate that butyrate could promote the expression of TSP1 in IECs. We wondered whether HDAC1 or/and HDAC2 could restrict the expression of TSP1 in IECs. To test the hypothesis, the genes of HDAC1 ( fig. 2 a) or HDAC2 ( fig. 2 b) were silenced in IECs, or overexpressed HDAC1 in IECs ( fig. 2 c) . As shown by qRT-PCR and Western blotting, the gene silencing HDAC1, but not HDAC2, significantly enhanced the levels of TSP1 in IECs ( fig. 2 d, e) . The addition of butyrate to the culture did not further increase the expression of TSP1 ( fig. 2 d, e) . Overexpression of HDAC1 further suppressed the expression of TSP1 in IECs ( fig. 2 d,  e) . The results suggest that HDAC1 is a negative regulator of the expression of TSP1 in IECs.
CD36
+ Mos Express TGF-β Our previous data show that the B cell-derived TSP1 has immune-regulatory properties in the intestine [10] . We inferred that Mos might be influenced by TSP1. Thus, LPMCs were isolated from the naïve mouse colon. The Mos were gated from the LPMCs with flow cytometry ( fig. 3 a) . The gated Mos showed 25.4% Mos from the naïve mouse colon expressed CD36, a TSP1 receptor ( fig. 3 b) fig. 3 m-q) .
C. butyricum Modulates Mos Tolerogenic Property via Epithelial Cell-Derived TSP1
Mos distribute in the subepithelial region of the intestine. Such an anatomical feature implicates that the epithelial cell-derived TSP1 may have the potential to regulate the properties and functions of Mos. To this end, we treated naïve C57BL/6 mice as denoted in figure 4 . The flow cytometry data showed that feeding with C. butyricum 9 C. butyricum /ml daily; butyrate: sodium butyrate was administered to mice as 1.2 g/kg once-daily intraperitoneal injections for 5 days. The data of bars are presented as means ± SD. * p < 0.01, compared with the saline group. The data are representative of 3 independent cell culture experiments. Each group consists of 6 mice. Samples from individual mice were processed separately. fig. 4 a-d) . To test whether TSP1 was a specific molecule to mediate the effect of C. butyricum on inducing the TGF-β + Mos, we treated mice with a TSP1 inhibitor (SLLK) while feeding with C. butyricum . As expected, the induction of TGF-β + Mos was abolished ( fig. 4 e-h ). To elucidate if T cells or B cells were required in the C. butyricum -induced TGF-β -Mos in the intestine, we treated T cell-deficient Reg2 -/-mice or B cell-deficient mice with C. butyricum . The TGF-β + Mos were still increased in the intestine ( fig. 4 i-l) . The results suggest that the C. butyricum -induced TGF-β -Mos in the intestine are not T cellor B cell-dependent.
To strengthen the data of figure 4 a-l, naïve Mos were treated with TSP1 in the culture for 72 h. After exposure to TSP1 in the culture, the expression of TGF-β was markedly upregulated in a TSP1 dose-dependent manner, which was abolished in the CD36-deficient Mos. Coculture of naïve Mos and IECs in the presence of sodium butyrate also induced TGF-β in Mos, but not in CD36-deficient Mos. However, exposing naïve Mos to sodium butyrate in the absence of IECs could not induce TGF-β expression in Mos ( fig. 4 m, n) . This result was further supported by the additional data, in which TSP1 induced the expression of TGF-β in Mos, but not in those treated with saline or lipopolysaccharide ( fig. 4 o-r) . The data suggest that the C. butyricum -derived butyrate induces IECs to produce TSP1, which in turn induces expression of TGF-β in Mos.
TSP1-Primed Mos Show Tolerogenic Features
To test whether the TSP1-primed Mos have tolerogenic features, we next treated naïve Mos with TSP1 (200 ng/ml) in the culture for 72 h. The TSP1-primed Mos were cultured with T eff cells (CD3 + CD4 + CD25 -T cells) at a ratio of 1: 1 for 6 days. The results showed that the TSP1-primed Mos induced the T eff cells to differentiate into TGF-β + T reg cells ( fig. 5 a, e) . The culture with naïve Mos did not induce apparent T reg development ( fig. 5 b, e) . Since the expression of CD36 was much higher on Mos than on T cells, we cultured naïve Mos and T eff cells, TSP1 was added to the culture, and the cells were cultured for 6 days. As analyzed by flow cytometry, T regulation was induced ( fig. 5 c, e) . Treating T cells with TSP1 without the presence of Mos did not induce detectable T reg cells ( fig. 5 d, e) . To strengthen the results, we isolated intestinal Mos from mice treated with C. butyricum for 5 days; the Mos were cultured with naïve CD4 
CD25
-T eff cells (labeled with CFSE) for 3 days in the presence of anti-CD3/CD28 antibodies. The results showed a marked suppressor effect of the T reg cells on the T eff proliferation ( fig. 5 h-k) . The data suggest that the TSP1-primed Mos have tolerogenic properties.
TSP1-Primed Mos Suppress Colitis in Mice
To test the inhibitory effect of C. butyricum or the TSP1-conditioned Mos in colitis, a DSS colitis mouse model was established. The results of colonic histology ( fig. 5 a-f) , inflammatory score ( fig. 5 g) , MPO levels ( fig. 5 h) of colonic tissue, the body weight and serum levels of proinflammatory cytokines (IFN-γ, TNF-α, showed that treatment with C. butyricum , sodium butyrate or TSP1-conditioned Mos significantly inhibited colitis ( fig. 5 i) . In contrast, no apparent inhibitory effect on colitis was observed when the colitis mice were treated with saline or naïve Mos.
Discussion
Wen et al. [17] have reported that Lactobacillus rhamnosus GG enhances Th1 immunity, while Toomer et al. [18] propose that probiotic administration can attenuate Th2-biased cellular immunity and predisposition to food allergies. Recent work indicates that mice treated either with Bifidobacterium or Lactobacillus alone show less production of proinflammatory cytokines in the intestine and restoration of tight junction integrity [19] . In the 610 present study, we have revealed novel aspects of probiotics, in which the butyrate-producing C . butyricum suppresses experimental colitis via strengthening the immune tolerance in the intestine. The data suggest that C. butyricum or butyrate can upregulate TSP1 expression by IECs. Thus, TSP1 may be one of the epithelial signals contributing to responses to inflammatory lesion in the gut mucosa. Accumulating data suggest that TSP1 is often decreased or lost in human cancers [20] . The loss/downregulation of TSP1 is associated with elevated angiogenesis and malignancy [21] . However, TSP1 is also involved in inflammatory diseases, such as via activating TGF-β to progress to chronic kidney inflammation [22] , or mediates renal dysfunction [23] . Previous studies showed CD36 and TSP1 expression in the damaged mucosa of patients with IBD [24] . Our recent work has also revealed that TSP1-derived B cells promote immune tolerance in the intestinal mucosa and suppress allergic mucosal inflammation [10] . In this study, the data revealed that IECs could express detectable TSP1 which could be markedly upregulated after activation in vitro or C. butyricum or sodium butyrate in vivo. It is well known that CD36 is a TSP1 receptor which is expressed on variable cells, including Mos [25] . In this study, we demonstrated that about 20% Mos in the mouse colon are CD36 + TGF-β + Mos which is independent from CD36 -TGF-β -Mos, and this subset of Mos acts as M 2 -like macrophages ameliorating colitis in mice [26] .
The composition of the human intestinal Mos pool changes considerably when there is a perturbation of homeostasis in the gut [14] . Responsive classical Mos continuously enter the steady-state intestinal mucosa as a surveillance measure has been demonstrated in previous studies [27] . Under given conditions, the Mos adopt an anti-inflammatory phenotype which is imprinted by local factors in the mucosa [27] . Our data are in line with these pioneer studies by providing further evidence that TSP1 is an important factor in conferring Mos with immunosuppressing properties and the characteristics of an antiinflammatory phenotype. Coculture of TSP1-primed Mos and CD3 + CD4 + CD25 -T eff cells revealed that such a subset of Mos could induce T reg development in vitro. Thus, it suggests that C. butyricum can modulate Mo properties via epithelial cell-derived TSP1, and meanwhile, TSP1 can also convert latent TGF-β to active TGF-β, which is able to induce the inducible T reg cells [28] .
T reg cells play an important role in maintaining peripheral tolerance; the functional deficiency of T reg cells is involved in the pathogenesis of various immune disorders [29] . In the gut, T reg cells are also observed to be a primary cell population in the maintenance of immune homeostasis. Various approaches have been tried to generate T reg cells in in vivo experiments [30] . The present data show that C. butyricum , sodium butyrate or TSP1-conditioned Mos can induce an increase in the Foxp3 + T reg cells in sensitized mice. Such an increase could be blocked by LSKL, an inhibitor of TSP1. The data suggest that TSP1-primed Mos play a key role in inducing T reg cells. In addition, this study further demonstrated that T reg cells induced by TSP1-primed-Mos have an immune suppressor function in regulatory intestinal mucosal inflammation.
The present data show that Mos production of TGF-β in response to TSP1 stimulation is of significance. Both TSP1 and TGF-β are immunoregulatory molecules. Previous work has reported that TGF-β is sufficient to induce the inducible T reg cells [31, 32] . In line with these studies, our studies also demonstrate that TGF-β + Mos can induce T reg development in the intestine as well. Importantly, the source of TGF-β of our study system is TSP1-primed Mos. Thus, our study has revealed a novel tolerogenic cell subset, TGF-β + Mos, in the body. Our findings show the plasticity of this population of Mos. Thus, it holds promise as new therapeutic target of IBD when understanding what and how the local factors determine various fates of Mos in the gut mucosa under different conditions.
In summary, the present data reveal that the treatment with C. butyricum could suppress experimental colitis in mice via inducing IEC-derived TSP1 and modulating Mo properties. Importantly, TSP1-primed Mos can upregulate TGF-β levels, facilitate the generation of T reg cells and successfully inhibit inflammation in the intestine.
